Accommodative rock: a normative study on a grade school population by Lang, Tami R & McBride, David J
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
1985 
Accommodative rock: a normative study on a grade school 
population 
Tami R. Lang 
Pacific University 
David J. McBride 
Pacific University 
Recommended Citation 
Lang, Tami R. and McBride, David J., "Accommodative rock: a normative study on a grade school 
population" (1985). College of Optometry. 735. 
https://commons.pacificu.edu/opt/735 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
Accommodative rock: a normative study on a grade school population 
Abstract 
A general vision screening was performed on 566 1st and 4th grade school children from which the 
accommodative rock test was normed. The procedure consisted of a + 2.00D lens flipper, recording the 
number of lens flips for a one minute testing. This included an intermediate count taken after the first 30 
seconds and a final total count after 60 seconds. A significant difference of the normative means was 
found between the 1st and 4th grade population. No significant difference was found within each 
population between those who passed and those who failed the general screening, or between the first 30 




Master of Science in Vision Science 
Committee Chair 
Alan W. Reichow, O.D. 
Keywords 
accommodative rock, lens flipper, accommodative facility, lens rock 
Subject Categories 
Optometry 
This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/735 
Copyright and terms of use 
If you have downloaded this document directly from the web or from CommonKnowledge, see 
the “Rights” section on the previous page for the terms of use. 
If you have received this document through an interlibrary loan/document delivery service, the 
following terms of use apply: 
Copyright in this work is held by the author(s). You may download or print any portion of this 
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.). 
Except for personal or fair use, you or your borrowing library may not reproduce, remix, 
republish, post, transmit, or distribute this document, or any portion thereof, without the 
permission of the copyright owner. [Note: If this document is licensed under a Creative 
Commons license (see “Rights” on the previous page) which allows broader usage rights, your 
use is governed by the terms of that license.] 
Inquiries regarding further use of these materials should be addressed to: CommonKnowledge 
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209. 
Email inquiries may be directed to:.copyright@pacificu.edu 
ACCOMMODATIVE ROCK: A Normative Study on a Grade School Population 
E\ubmi t t+~~d :in 
fulfillment of the 
r·€~q u :i. r· £~me!n t ~•· ·f: CJI'"' 
Opt. b92 
nt:~~::.t:.~i:\\I'"Ch Pldvi !:;clt"' 
Alan W. Reichow~ O.D. 
1 
T<::~mi R. I Lanq 
Dii:\Vi c! ~l" r'l'f.:I:J!"' idE> 
We would like to express our sincere appreciation to 
the Forest Grove School District for all of their help and 
cooperation during the school screenings and this research 
thesis. 
E~W2.J..n0.GI 
A  g e n e r a l  v i s i o n  s c r e e n i n g  w a s  p e r f o r m e d  o n  5 6 6  1 s t  a n d  
4 t h  g r a d e  s c h o o l  c h i l d r e n  f r o m  w h i c h  t h e  a c c o m m o d a t i v e  r o c k  
t e ! S t  l f , l i : - : < . S  rtCWffiE~d a  
T h e  p r o c e d u r e  c o n s i s t e d  o f  a  ~ 2 . 0 0 D  l e n s  
f l i p p e r ,  r e c o r d i n g  t h e  n u m b e r  o f  l e n s  f l i p s  f o r  a  o n e  m i n u t e  
t e s t i n g .  T h i s  i n c l u d e d  a n  i n t e r m e d i a t e  c o u n t  t a k e n  a f t e r  t h e  
f i r s t  3 0  s e c o n d s  a n d  a  f i n a l  t o t a l  c o u n t  a f t e r  6 0  s e c o n d s .  A  
s i g n i f i c a n t  d i f f e r e n c e  o f  t h e  n o r m a t i v e  m e a n s  w a s  f o u n d  
b e t w e e n  t h e  1 s t  a n d  4 t h  g r a d e  p o p u l a t i o n .  
N o  ~:;:i q n : i .  f  i  c . : : 1 n t  
d i f f e r n c e  w a s  f o u n d  w i t h i n  e a c h  p o p u l a t i o n  b e t w e e n  t h o s e  w h o  
p a s s e d  a n d  t h o s e  w h o  f a i l e d  t h e  g e n e r a l  s c r e e n i n g ,  o r  b e t w e e n  
t h e  f i r s t  3 0  s e c o n d s  a n d  t h e  f i n a l  3 0  s e c o n d s  o f  t e s t i n g .  
w o r d s - - - A c c o m m o d a t i v e  r o c k ,  l e n s  f l i p p e r ,  a c c o m m o d a t i v e  
f . : : u : : i l i t . y ,  len~; i · - o c k .  
A C C O M M O D A T I V E  R O C K :  A  N o r m a t i v e  S t u d y  O n  A  
G r a d e  S c h o o l  P o p u l a t i o n  
b y :  A l a n  W .  R e i c h o w ,  O . D .  
T a m i  F L  l  . . . .  a n g  
D i a v i d  , J .  l ' k : F k i d e  
A n  o p t o m e t r i s t  i s  o f t e n  f a c e d  w i t h  a n  e x a m i n a t i o n  o f  a  c h i l d  
w h o  r e p o r t s  a  l i s t  o f  c o m p l a i n t s  s u c h  a s  t h e  p r i n t  a t  s c h o o l  b l u r s  
w h i l e  r e a d i n g ,  e y e s  t i r e  e a s i l y ,  e y e s  h u r t  o r  a r e  r e d .  T h e  
p a r e n t s  o f t e n  r e p o r t  t h a t  t h e  c h i l d  h o l d s  r e a d i n g  m a t e r i a l  
e x c e s s i v e l y  c l o s e .  
T h e s e  s i g n s  a n d  s y m p t o m s  m a y  b e  i n d i c a t i v e  o f  
a n  a c c o m m o d a t i v e  d y s f u n c t i o n ,  q u i t e  o f t e n  c o n s i d e r e d  t o  b e  
a c c o m m o d a t i v e  i n f a c i l i t y .  
A c c o m m o d a t i v e  f a c i l i t y  i s  t h e  a b i l i t y  t o  s t i m u l a t e  a n d  r e l a x  
a c c o m m o d a t i o n  f o r  a  s p e c i f i c  t a s k .  
P i e r c e  a n d  G r e e n s p a n  ( 1 )  s t a t e  
t h a t  a c c o m m o d a t i v e  i n f a c i l i t y  i s  a  v e r y  c o m m o n  p r o b l e m  i n  n o n -
pr·~o:s;byopt:~~•;. 
" W h e n  p i " · o b l r 2 m m  i n  i : . i C C C H T H n o d ; : : d : i v e  i n f l e : : . : a b : i . l i t y  a n ?  
f o u n d ,  a c c o m m o d a t i v e  r o c k  p r o c e d u r e s  i n  v i s i o n  t r a i n i n g  c o n s t i t u t e  
t h e  p r · i r H : : : i p . : d  ,::~v~:~niJtF: n · f  t r · · t 2 i : : d : ! 1 H : ? n t . "  ( : I . )  
T h e  q u e s t i o n  n o w  a r i s e s  
a s  t o  w h a t  m e t h o d  o f  t e s t i n g  b e s t  q u a n t i f i e s  a c c o m m o d a t i v e  
i n - F < : : t c i l i t y .  
F o r  t h e  d o c t o r ,  a  m e t h o d  o f  t e s t i n g  a c c o m m o d a t i v e  
f a c i l i t y  q u i c k l y  a n d  e a s i l y  s e e m s  t o  b e  t h e  a c c o m m o d a t i v e  r o c k  
t e c h n i q u e ,  c o n s i s t i n g  o f  a  t i m e d  t e s t  r e q u i r i n g  b o t h  s p e e d  a n d  
C J . . C  C  t . t l " "  i : ' : \ C  ' : l u  T h e  v a l u e s  a r e  g e n e r a l l y  r e c o r d e d  i n  c y c l e s  p e r  m i n u t e  
( c : : p m ) .  
A  c y c l e  a s  d e f i n e d  b y  P i e r c e  i s  t w o  f i x a t i o n s ,  o n e  
s t i m u l a t i n g  a c c o m m o d a t i o n  a n d  t h e  o t h e r  r e l a x i n g  a c c o m m o d a t i o n .  
C l i n e  a n d  S m i t h  ( 2 )  t e s t e d  t h e  v a l i d i t y  o f  a c c o m m o d a t i v e  r o c k  
m e a s u r e m e n t  o n  a n  a d u l t  p o p u l a t i o n .  
T h e y  f o u n d  t h a t  b y  u s i n g  a  ±  
2 . 0 0 0  l e n s  f l i p p e r ,  t h e  r e s u l t s  o b t a i n e d  f r o m  o n e  d a y  t o  t h e  n e x t  
w e r e  i n s i g n i f i c a n t l y  d i f f e r e n t .  
S i n c e  t h e  b i n o c u l a r  r o c k  t e c h n i q u e  p r o v e d  t o  b e  a  r e l i a b l e  
t . ( ? £ . ; t ,  
n o r m a t i v e  v a l u e s  n e e d  t o  b e  d e t e r m i n e d .  
" l ' ' t  .  .  
H  ! : : ;  l . S  
! ' - . '  h  t - 2 t  . .  ~';! t  h  t : u ·  E o  
s e e m s  t o  b e  m u c h  d i s a g r e e m e n t .  
" 1 " 1  .  .  I  t  .  · •  .  • ·  
" l e  l  J .  · · : . l T . ? r a  , . l  . .  ll'"e~ 1  n o 1  c:ac.t:.~s m a n y  
v a r i a b l e s  w i t h  t e s t i n g  t e c h n i q u e s  s u c h  a s  t a r g e t  s i z e  a n d  
c o n t r a s t ,  l e n s  p o w e r  utilized~ s u p p r e s s i o n  c o n t r o l s  a n d  s u b j e c t  
a!;;~ e .  
B e r i s h  ( 3 )  s t a t e s  t h a t  a  n o r m a l  s u b j e c t  s h o u l d  b e  a b l e  t o  
c l e a r  + 1 . 5 0 0  t o  - 2 . 0 0 0  i n  l e s s  t h a n  f i v e  s e c o n d s ,  w i t h  m o n o c u l a r  
f i n d i n g s  w i t h i n  0 . 5  s e c o n d s  o f  e a c h  o t h e r .  L i u  e t  a l .  ( 4 )  r e p o r t e d  
t h a t  w i t h  ±  1 . 5 0 0  l e n s  
, .  1  •  
· t ·  J .  1  p  0 : 1  r H : : w m a l  ! : i u b j  e c : t  
s h o u l d  b e  a b l e  t o  
o b t a i n  c  e a r  v i s i o n  i n  1  e ! S S ? . -
t . l  . .  !  C i  i i  L t .  n  ~:,5 
! : ; e c o n d s  ~·Jith E ? < ! H : h  f l i p .  
P i e r c e  a n d  G r e e n s p a n  ( 1 ) ,  using~ 2 . 5 0 0  l e n s ,  f o u n d  n o r m a l  
f i n d i n g s  o f  2 0  c : p m ,  m o n o c u l a r l y  a n d  b i n o c u l a r l y  o n  a n  a d u l t  
p o p u l a t i D n .  
Ho·ffm<ir~n e t  a . l "  
C 5 ) ,  a l s o  using~ 2 . 5 0 D  l e n s ,  
e x a m i n e d  8 0  s c h o o l  a g e  c h i l d r e n .  
T h e y  f o u n d  m o n o c u l a r  v a l u e s  o f  
2 - 4  c p m  a n d  b i n o c u l a r  v a l u e s  o f  1 - 2  c : p m .  
G d . · f f : i . n  ~:-t a l .  ( 6 )  l . l s i n < ; J  
a  m o n o c u l a r  ±  2  O O D  l e n s  r o c k  w i t h  s u b j e c t s  b e t w e e n  2 0 - 3 5  y e a r s  o f  
a g e ,  f o u n d  a  m e a n  v a l u e  o f  1 7  c : p m .  H o f f m a n  a n d  R o u s e  ( 7 )  s t a t e  
t h a t  u s i n g  a  ~ 2 . 0 0 D  l e n s  f l i p p e r ,  a  v a l u e  o f  l e s s  t h e n  1 2  c p m  
w i t h  t h e  p a t i e n t  v e i w i n g  a  2 0 / 3 0  v i s u a l  a c u i t y  d e m a n d  r o w  o f  
l e t t e r s  a t  1 6  i n c h e s  i n d i c a t e  a c c o m m o d a t i v e  d i f f i c u l t i e s  w h e n  
a s s o c i a t e d  w i t h  s y m p t o m s .  
Z.:~ll ~:n·!s e t  , : : d . .  \ 8 )  f?~~stabl i  s h e d  a  ! T ! e < ! i n  
o f  1 1 !  5  c p m  m o n o c u l a r l y  a n d  8  ±  5  c p m  b i n o c u l a r l y  u s i n g  ±  2 . 0 0  D  
l e n s  a t  4 0  e m .  w i t h  2 0 / 3 0  d e m a n d  l e t t e r s  i n  s u b j e c t s  b e t w e e n  t h e  
a q e s : ,  o f  : t B  . . .  . . : : : : : o  . .  
I n  S c : h i a n q e ! ' s  t : : : · t  ,;;~.].. ( ' . f )  p,::q:n~r· c : t f  n o r m : i . n g  
a c c o m m o d a t i v e  f a c i l i t y  u s i n g  1 s t ,  3 r d ,  a n d  5 t h  g r a d e  s t u d e n t s  t h e y  
f o u n d  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  e a c h  g r a d e  l e v e l  w i t h  a  7 +  
3  c p m  a s  t h e i r  n o r m a t i v e  v a l u e .  
T h e  b i n o c u l a r  a c c o m m o d a t i v e  r o c k  t e s t  i s  b e i n g  u t i l i z e d  m o r e  
a n d  m o r e  i n  o u r  c l i n i c s  f o r  b o t h  d i a g n o s i n g  a n d  t r e a t i n g  o f  
a c c o m m o d a t i v e  i n f a c i l i t y .  
T h i s  p a p e r  w i l l  d e t e r m i n e  a  n o r m a t i v e  
v a l u e  f o r  a c c o m m o d a t i v e  f a c i l i t y  u s i n g  a  b i n o c u l a r  l e n s  r o c k  
t e c h n i q u e  o n  2 8 7  f i r s t  g r a d e  a n d  1 8 6  f o u r t h  g r a d e  s u b j e c t s .  
W e  w i l l  h y p o t h e s i z e  t h a t  t h e r e  w i l l  b e  n o  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  1 s t  a n d  4 t h  g r a d e  p o p u l a t i o n  n o r m a t i v e  v a l u e s ,  a n d  
t h e r e  w i l l  b e  n o  s i g n i f i c a n t  f a t i g u e  e f f e c t  b e t w e e n  t h e  f i r s t  3 0  
s e c o n d s  a n d  t h e  l a s t  3 0  s e c o n d s  i n  t e s t i n g .  
t l £ ; I U Q J 2  
T h e  s t u d y  p o p u l a t i o n  c o n s i s t e d  o f  3 2 6  1 s t  a n d  2 3 0  4 t h  g r a d e  
s t u d e n t s  f r o m  t h e  F o r e s t  G r o v e  S c h o o l  D i s t r i c t .  
1 \ l c w · m a t i  \ l e  v a l u e s  
w e r e  o n l y  t a k e n  f r o m  s u b j e c t s  w h o  h a d  p a s s e d  t h e  n o r m a l  P a c i f i c  
U n i v e r s i t y  C o l l e g e  o f  O p t o m e t r y  ( P U C O )  s c r e e n i n g  b a t t e r y ,  a n d  
c~tained 1 0 0  a r c  s e c o n d s  o f  s t e r e o  a c u i t y .  [ A P P E N D I X  l J  T h e  
t e s t i n g  m a t e r i a l  c o n s i s t e d  o f  a  l e n s  f l i p p e r ,  a  t a r g e t ,  a  s c o r e  
s h e e t  a n d  s t o p w a t c h .  
A  +  2 . 0 0 0  l e n s  f l i p p e r  w a s  u s e d  i n  
c o n j u n c t i o n  w i t h  a  t a r g e t  s h e e t  h e l d  a t  4 0  c e n t i m e t e r s .  T h i s  s h e e t  
w a s  c o m p r i s e d  o f  l o w e r  c a s e  p i c a  t y p e d  l e t t e r s  e n  a  s t a n d a r d  8  
1 / 2 x 1 1  i n c h  s h e e t  o f  w h i t e  p a p e r .  E a c h  l e t t e r  w a s  s e p a r a t e d  b y  a  
s i n g l e  s p a c e  a n d  t h e  l i n e s  d o u b l e d  s p a c e d  t o  a v o i d  c o n f u s i o n  [ A P P .  
2 J .  S t a n d a r d  i l l u m i n a t i o n  o f  1 0  t o  1 5  f c o t c a n d l e s  w a s  u s e d .  
S u b j e c t s  w e r e  i n s t r u c t e d  t o  k e e p  t h e  l e t t e r s  c l e a r  a n d  s i n g l e  
t h r o u g h  t h e  + 2 . 0 0 0  l e n s e s .  T h e y  w e r e  t h e n  t o l d  t o  c a l l  i t  o u t l o u d  
a f t e r  w h i c h  t i m e  t h e  e x a m i n e r  f l i p p e d  t o  t h e  - 2 . 0 0 0  l e n s .  
Spr:-~ed 
w a s  e n c o u r a g e d  d u r i n g  t h e s e  p r o c e d i n g s  w i t h o u t  c o m p r o m i s i n g  t h e i r  
i : : I C C U I ' " a C · / ·  A  p r a c t i c e  s e s s i o n  w a s  p e r f o r m e d  u s i n g  s a m p l e  l e t t e r s  
u n t i l  t h e  p r o c e d u r e  o f  t h e  t e s t  w a s  u n d e r s t o o d .  D n r . : e  t : h e  
i n s t r u c t i o n s  w e r e  c l e a r  ,  t h e  t i m e r  w a s  s e t  a n d  t h e  t e s t i n g  b e g a n .  
T h e  t e s t i n g  w a s  c o n t i n u e d  f o r  o n e  m i n u t e  w i t h  a n  i n t e r m e d i a t e  
c o u n t  t a k e n  a f t e r  t h e  f i r s t  3 0  s e c o n d s  a n d  a  f i n a l  t o t a l  c o u n t  
a f t e r  6 0  s e c o n d s .  
I t  w a s  d e t e r m i n e d  t h a t  t h e  e x a m i n e r  w o u l d  f l i p  
t h e  l e n s e s  t o  m a i n t a i n  u n i f o r m i t y  i n  t h e  t e s t i n g  p r o c e d u r e ,  a n d  t o  
e l i m i n a t e  p o t e n t i a l  e f f e c t s  o f  a n y  m o t o r  d i f f i c u l t i e s  t h e  c h i l d  
m.;~y 1 · · · 1 r : \ V e .  
T o  s c o r e  t h e  t e s t ,  t h e  e x a m i n e r  w a s  t o  f o l l o w  a l o n g  w i t h  t h e  
c h i l d  o n  a  s e p a r a t e  s c o r e  s h e e t  m a r k i n g  a n y  o m i s s i o n ,  a d d i t i o n s  o r  
m  : i .  ! : : : .  t .  < . : ' 1  k  e '  E ·  •  
T h e  s c o r e  w a s  d e t e r m i n e d  b y  c o u n t i n g  t h e  t o t a l  n u m b e r  
o f  l e t t e r s  c a l l e d  out~ o m i t t i n g  t h e  m i s t a k e s  o r  o m i s s i o n  a n d  
a d d i n g  a n y  r e p i t i t i o n s .  A  s c o r e  o f  z e r o  w a s  g i v e n  i f  r . : l a r i t y  a n d  
f u s i o n  w a s  n e v e r  a t t a i n e d .  
T h e  t e s t  w a s  p e r f o r m e d  b i n o c u l a r l y  s o  a s  t o  b e s t  e m u l a t e  a  
t y p i c a l  c l a s s r o o m  e n v i r o n m e n t .  
T h e  s u b j e c t " s  h a b i t u a l  n e a r  p o i n t  
p r e s c r i p t i o n  w a s  w o r n  f o r  a l l  t e s t i n g .  
Bs§!~J l,.~. IF:~ 
T a b l e s  1  a n d  2  s h o w  t h e  n o r m a t i v e  v a l u e s  o b t a i n e d ,  a n d  t h e  
d i s t r i b u t i o n  o f  t h e  v a l u e s  o n  t h e  1 s t  a n d  4 t h  g r a d e  p o p u l a t i o n .  
T h e  n o r m a t i v e  d a t a  b a s e d  o n  t h o s e  s u b j e c t s  w h o  p a s s e d  t h e  g e n e r a l  
~'5C:l'"f:!en:i n q  i  B  i  n d i  C r . ! ! t f E ' : d  b y  t h e  ! s y m ! : : H : J 1  " P " "  
T h o s e  s u b j e c t s  w h o  
+ r : : d l e d  t h e  genf::l'·,:~l sc:n:~f.·:min<;l i : H " f ?  indic~Rted b y  t h e  s y m l : : . o l  " F "  . .  T h e  
m e a n  a n d  s t a n d a r d  d e v i a t i o n  v a l u e s  a r e  f o r  t h e  t o t a l  n u m b e r  o f  
l e n s  f l i p s  p e r  t i m e  i n t e r v a l .  
T h e  c o r r e l a t i o n  s t a t i s t i c s  b e t w e e n  t h e  1 s t  a n d  4 t h  g r a d e  
n o r m a t i v e  d a t a  a r e  s h o w n  o n  T a b l e  3 .  
A  t - t e s t  w a s  u t i l i z e d  t o  
o b t a i n  t h e  c o r r e l a t i o n  f i n d i n g s  w i t h  a  h y p o t h e s i z e d  d i f f e r e n c e  
a s s u m e d  t o  b e  z e r o .  
~!.I§~!J~1i~~~£~1b~ 
T h e  r e s e a r c h  p o p u l a t i o n  c o n s i s t e d  o f  3 2 6  1 s t  a n d  2 3 0  4 t h  
g r a d e  s t u d e n t s ,  o f  w h o m  2 8 7  1 s t  a n d  1 8 6  4 t h  g r a d e  s t u d e n t s  p a s s e d  
t h e  g e n e r a l  P a c i f i c  L~iversity C o l l e g e  o f  O p t o m e t r y  s c r e e n i n g .  
O n l y  d a t a  f r o m  t h e  4 7 5  s u b j e c t s  w h o  m e t  t h e  g e n e r a l  s c r e e n i n g  
c r i t e r i a  w a s  u t i l i z e d  i n  t h e  n o r m i n g  p r o c e s s .  
T h e  n o r m a t i v e  v a l u e  
f o r  b i n o c u l a r  a c c o m m o d a t i v e  r o c k  t e c h n i q u e  w a s  d e t e r m i n e d  b y  u s i n g  
t h e  m e a n  n u m b e r  o f  l e n s  f l i p s  f o r  3 0  a n d  6 0  s e c o n d s .  
F I " O f f i  t h : i ! : ;  
a n a l y s i s ,  w e  h a v e  d e t e r m i n e d  t h a t  a  v a l u e  o f  1 0 . 2 3  t  3 . 4 5  c l e a r  
f i x a t i o n s  ( 5 R 1 2  !  1 . 7 3  c p m )  f o r  t h e  1 s t  g r a d e  a t  3 0  s e c o n d s  a n d  
1 8 . 3 2  ~ 6 . 1 8  c l e a r  f i x a t i o n s  ( 9 . 1 6  +  3 . 0 9  c p m )  a t  6 0  s e c o n d s .  T h e  
4 t h  g r a d e  d a t a  s h o w  1 5 . 4 9  ±  5 . 5 6  c l e a r  f i x a t i o n s  ( 7 . 7 5 !  2 . 7 8  c p m )  
a t  3 0  s e c o n d s  a n d  2 8 . 1 7  +  9 . 4 7  c l e a r  f i x a t i o n s  ( 1 4 . 0 9  +  4 . 7 4  c p m )  
o : \ t  6 0  s t : : c c m c l s .  
A  t - t e s t  w a s  u t i l i z e d  t o  c o r r e l a t e  t h e  n u m b e r  o f  c l e a r  
f i x a t i o n s  a t  3 0  a n d  6 0  s e c o n d s  t o  s e e  i f  t h e r e  i s  a  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  1 s t  a n d  4 t h  g r a d e  s u b j e c t s .  C o m p a r i n g  d a t a  
f r o m  t h e  1 s t  g r a d e  s u b j e c t s  w h o  p a s s e d  t h e  g e n e r a l  s c r e e n i n g  
c r i t e r i a  w i t h  t h o s e  f r o m  t h e  4 t h  g r a d e ,  w e  f o u n d  a  s i g n i f i c a n t  
d i f f e r e n c e  i n  n o r m a t i v e  v a l u e s  a t  t h e  p < . O O l  l e v e l .  
T h  : i  ! : ;  1  f . i l V e  1  o · f  
s i g n i f i c a n c e  w a s  t h e  s a m e  w h e n  c o m p a r i n g  t h e  1 s t  a n d  4 t h  g r a d e  
s u b j e c t s  w h o  f a i l e d  t h e  g e n e r a l  s c r e e n i n g  c r i t e r i a  ( p < . O O l > .  
O u r  d a t a  i n d i c a t e s  t h a t  t h e  n o r m a t i v e  v a l u e  f o r  t h e  l s t  g r a d e  
p o p u l a t i o n  a g r e e s  c l o s e l y  w i t h  t h e  r e s u l t s  f r o m  S c h l a n g e  e t  a l .  
( 9 ) .  H o w e v e r ,  o u r  4 t h  g r a d e  p o p u l a t i o n  d e m o n s t r a t e s  a  q u i c k e r  
r e s p o n s e  t i m e  t o  t h e  r o c k  t e c h n i q u e .  T h i s  d i f f e r s  f r o m  S c h l a n g e " &  
r e s e a r c h  i n  t h a t  h e  f o u n d  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  h i s  
· f  i  i ' " ! 5 t :  ! '  t . h i  l ' " d  a n d  
f i f t h  g r a d e  s u b j e c t s .  
O n e  v a r i a b l e  w h i c h  m a y  h a v e  c o n t r i b u t e d  t o  t h i s  d i f f e r e n c e  i n  
r e s u l t s  c o u l d  b e  a t t r i b u t e d  t o  l e t t e r  r e c o g n i t i o n .  
S o m e  r . 1 f  t  h  !."~ 
1 s t  g r a d e  p o p u l a t i o n  e x p e r i e n c e d  d i f f i c u l t y  i n  h a v i n g  t o  c a l l  c u t  
s p e c i f i c  l e t t e r s  i n  
t h e  t e s t i n g ,  t h e r e f o r e  s l o w i n g  d o w n  r e s p o n s e  t i m e .  
O t h e r  
v a r i a b l e s  i n c l u d e  u n c o n t r o l l a b l e  d i s t r a c t i o n s  d u e  t o  t h e  s c r e e n i n g  
environment~ a n d  a n  o p p o r t u n i t y  f o r  t h e  s u b j e c t  t o  v i e w  t h e  
l e t t e r s  b e t w e e n  e a c h  f l i p .  
T h e s e  v a r i a b l e s  w e r e  m o n i t o r e d  
c l o s e l y  t h e r e f o r e  k e e p i n g  t h e m  t o  a  m i n i m u m .  
T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  f i r s t  3 0  
s e c o n d s  a n d  t h e  f i n a l  3 0  s e c o n d s  s h o w i n g  n o  f a t i q u e  e f f e c t  f o r  a  
D n e  m i n u t e  t e s t .  
T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
t h o s e  f a i l i n g  o r  p a s s i n g  t h e  g e n e r a l  s c r e e n i n g  c r i t e r i a .  
g  Qt:H~l~ l J  . \ 2 1 .  Q  U  
T h e  a c c o m m o d a t i v e  r o c k  t e s t  i s  n o r m e d  f o r  a  p o p u l a t i o n  o f  
f i r s t  a n d  f o u r t h  g r a d e  s t u d e n t s .  
T h e  n o r m a t i v e  v a l u e s  a r e  s h o w n  
f o r  t h o s e  w h o  p a s s e d  t h e  g e n e r a l  s c r e e n i n g  c r i t e r i a  a n d  f o r  t h o s e  
t . < J h o  f  c : d  1  t : : : d .  T h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  n o r m s  
f o r  t h e  f i r s t  a n d  f o u r t h  g r a d e  p o p u l a t i o n .  
'T"ht~!~ e  : i .  s  n c }  
s i g n i f i c a n t  d i f f e r e n c e  o n  t h e  a c c o m m o d a t i v e  r o c k  t e s t  w i t h i n  e a c h  
p o p u l a t i o n  b e t w e e n  t h o s e  f a i l i n g  o r  p a s s i n g  t h e  g e n e r a l  s c r e e n i n g  
c  I ' "  : i .  t .  ! ? ! . •  ,  • •  : i  i ! : l  •  
F i n d i n g  a  d i f f e r e n c e  i n  n o r m a t i v e  v a l u e s  b e t w e e n  t h e  1 s t  a n d  
4 t h  g r a d e  p o p u l a t i o n  m a y  s u g g e s t  a  n e e d  t o  i n v e s t i g a t e  f u r t h e r  t o  
d e t e r m i n e  i f  e a c h  g r a d e  l e v e l  p r e s e n t s  w i t h  a  d i f f e r e n t  n o r m a t i v e  
v a l u e  f o r  a  b i n o c u l a r  r o c k  t e c h n i q u e .  
D a t a  c o l l e c t e d  e n  a n  a d u l t  
p o p u l a t i o n  s h o u l d  n e t  b e  u t i l i z e d  t o  d e t e r m i n e  a c c o m m o d a t i v e  
1 c  i £ i C  i  1  i  
d y s f u n c t i o n s  i n  a  g r a d e  s c h o o l  p o p u l a t i o n .  
· r A B L . E  1  
A c c o m m o d a t i v e  R o c k  N o r m a t i v e  V a l u e s  
A C C O M  3 0  
( #  o f  c l e a r s )  
A C C O M  6 0  
( #  o f  c l e a r s >  
1 s t  P  
N = 2 8 7  
x = 1 0 . 2 3  
s = 3 . 4 5  
N = 2 8 7  
x = 1 8 . 3 2  
s = 6 . 1 8  
N  =  T h e  s a m p l e  n u m b e r  
1 s t  F  
N = 3 9  
x = 9 . 1 8  
s = 3 . 9 8  
N = 3 9  
x = 1 6 . 5 6  
s = 6 . 7 4  
4 t h  p  
N = 1 8 6  
x = : l 5 . 4 9  
s = 5 . 5 6  
N = 1 8 6  
x = 2 8 . 1 7  
s = 9 . 4 7  
x  =  T h e  a v e r a g e  n u m b e r  o f  c l e a r  f i x a t i o n s  
s  =  T h e  s t a n d a r d  d e v i a t i o n  
4 t h  F  
N = 4 4  
x = 1 6 . 6 8  
s = 7 . 0 4  
j \ 1 : : : : : 4 4  
}~ : : = 2 C : 1  u  5:~~ 
s : : : : :  1  ~;~ f :  4 ·  : 5  
1 s t  P  =  T h e  f i r s t  g r a d e  p o p u l a t i o n  w h o  p a s s e d  t h e  s c r e e n i n g  
1 s t  F  =  T h e  f i r s t  g r a d e  p o p u l a t i o n  w h o  f a i l e d  t h e  s c r e e n i n q  
4 t h  P  =  T h e  f o u r t h  g r a d e  p o p u l a t i o n  w h o  p a s s e d  t h e  s c r e e n i n g  
4 t h  F  =  T h e  f o u r t h  g r a d e  p o p u l a t i o n  w h o  f a i l e d  t h e  s c r e e n i n g  
A C C O M  3 0  =  A c c o m m o d a t i v e  r o c k  a f t e r  t h e  f i r s t  3 0  s e c o n d s  o f  
t e s t i n g .  
A C C O M  6 0  =  A c c o m m o d a t i v e  r o c k  a f t e r  6 0  s e c o n d s  o f  t e s t i n g .  
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F L I P S  P E R  6 0  S E C O N D S  
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Tf~BL.E : 3  
A c c o m m o d a t i v e  R e c k  C o r r e l a t i o n a l  S t a t i s t i c s  
T h e  f o l l o w i n g  s t a t i s t i c s  w e r e  o b t a i n e d  b y  u s i n g  a  T - T e s t  i n  
w h i c h  t h e  h y p o t h e s i z e d  d i f f e r e n c e  i s  a s s u m e d  t o  b e  z e r o .  
A C C O M M O D A T I O N  3 0  S E C O N D S  ( #  o f  c l e a r s )  
1 s t  p a s s e d  v s  
1 s t  f a i l e d  
4 t h  p a s s e d  v s  4 t h  f a i l e d  
1 s t  p a s s e d  
v s  4 t h  p a s s e d  
1 s t  f a i l e d  v s  4 t h  
f a i l e d  
A C C O M M O D A T I O N  6 0  S E C O N D S  ( #  o f  c l e a r s )  
1 s t  p a s s e d  V S  1 s t  f a i l e d  
4 t h  p a s s e d  v s  4 t h  f a i l e d  
1 s t  p a s s e d  v s  4 t h  p a s s e d  
1 s t  f a i l e d  
v s  4 t h  f a i l e d  
p = . 0 8 5 1  
p = . 6 2 5 5  
p  < . 0 0 1  
p  < . 0 0 1  
p = . 0 9 7 6  
p = . 4 4 9 8  
p  < . 0 0 1  
p  < . 0 0 1  
/ \ F ' P E N D I X  1  
P A C I F I C  U N I V E R S I T Y  C O L L E G E  O F  O P T O M E T R Y  V I S I O N  S C R E E N I N G  
P R O G R A M  - C R I T E R I A  F O R  R E F E R R A L  
* A .  V i s u a l  A c u i t y  { N e a r  o r  F a r ) :  
vJClr~:;,::? t . h i : m  :~:o;::::o:, E ? i  t h E • r  
f ? Y f ?  
*  B .  R e f r a c t i v e  E r r o r :  
1 .  H y p f . : ) I ' " D p i  i : i  
·  2 .  ! • · J y o p  i  . ; : ;  
3 .  P l ! s t i g m a t i s m  
4 .  A n i s o m e t r o p i a  
*  c .  T w o - E y e d  C o o r d i n a t i o n :  
1 .  A t  D i s t a n c e  ( 2 0  f e e t ) :  
a .  T r o p i a  
b .  E s o p h o r i a  
c .  E x o p h o r i a  
d .  H y p e r p h o r i a  
2 .  A t  N e a r  < 1 6  i n c h e s ) :  
a .  T r o p i a  
b .  E s o p h o r i a  
c .  E x o p h o r i a  
d .  H y p e r p h o r i a  
l  + 1 . 5 0 0  
l  - . 7 5 D  
~ + / - l . O O D  
>  + / - 1 . 0 0 0  
f~ny tt~opi a  
>  ' 5  b .  
· : . : ·  r .  A  
, . · ·  . . , _ I  
~ r~b 
. .  (  -~ 
P 1 n y  t r · o p i  2 1  
. .  r : A  
) •  \ - J  
· : : : .  l ( i b  
: t  2 h  
*  D~ O c u l a r  H e a l t h :  
A n y  v e r i f i e d  p a t h o l o g y  o r  m e d i c a l  
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1 \ P P E N D I X  7 .  
o  i  p  a  f  J  1  b  w  q  t  y  u  o  e  r n  c  g  z  s  h  r n  r  v  x  u  j  w  p  g  f  o  1  
1  z  h  r  m  u  o  g  s  p  i  j  f  1  d  a  k  n  p  e  q  t  w  u  b  r n  s  i  x  c  y  e  k  
h  s  f  o  g  c  a  1  t  b  e  p  ~ g  r n  1  o  s  c  d  z  h  e  a  y  g  e  k  w  n  r  o  b  
d  g  y  r  h  j  k  s  p  o  m  d  b  v  c  x  z  q  w  e  t  r  y  k  p  o  b  u  a  c  f  t  v  
w  ~ 1  o  b  u  x  g  w  e  j  t  w  k  y  i  m  o  c  a  w  n  i  r  t  e  s  n  d  w  1  h  r  
s  b  r  w  j  y  e  h  d  s  1  f  d  p  b  l  c  u  f  s  y  h  k  p  m  a  c  v  r  f  i  w  q  
J  f  s  h  k  p  m  a  v  r  i  w  y  h  x  e  b  q  p  1  c  j  u  v  t  r  e  n  s  p  l  k  t  
m  1  k  b  v  r  q  t  m  w  e  p  o  b  u  n  v  f  i  w  s  x  g  a  d  c  z  r  t  e  h  f  m  
k  i  t  e  r n  f  k  o  z  s  c  w  r  u  s  q  e  t  u  o  m  v  r  c  p  o  a  s  k  b  d  j  p  
s  h  y  x  s  b  u  e  q  p  n  d  1  j  c  f  r  w  m  p  b  k  d  e  n  v  b  i  n  a  w  n  o  
p  c  z  e  y  j  q  n  o  b  t  f  u  o  k  r  e  z  j  1  n  a  i  t  w  1  o  c  m  e  s  f  d  
m  j  h  p  r  n  b  d  v  w  x  1  e  h  c  k  p  d  b  s  w  y  f  m  c  z  r  t  n  o  j  w  e  
a  d  n  t  s  v  w  1  h  r  f  a  k  m  i  1  f  t  p  1  c  o  j  z  b  u  e  f  k  m  i  z  o  
e  p  m  1  d  k  i  o  w  t  e  d  1  r  q  b  m  n  j  w  r  x  c  k  a  z  r  q  1  t  w  v  t  
v  d  s  v  n  c  e  d  r  a  k  i  m  b  y  z  x  f  o  h  e  1  k  t  v  y  s  f  c  a  p  m  o  
q  i  h  o  t  k  p  b  y  1  a  n  x  v  e  a  m  5  b  c  f  r  e  b  h  i  w  q  n  r  k  n  f  
s  t  f  d  a  m  i  v  r  z  e  f  j  u  i  k  n  p  r  t  k  n  w  p  1  e  o - z  k  j  b  1  t  
i  b  i  k  w  5  g  d  c  w  t  g  p  e  o  f  r  e  u  d  m  p  u  q  a  b  j  f  w  m  a  r  s  
m  1  h  j  p  d  w  s  n  e  t  k  s  j  r  m  h  c  g  1  j  t  h  f  i  p  n  k  x  r  t  o  h  
b  d  s  b  1  a  v  g  p  j  m  f  h  d  w  s  n  f  u  e  r  v  s  q  r n  k  o  a  s  v  q  b  a  
r  o  f  j  s  k  n  t  1  o  a  g  b  p  r  c  e  i  p  n  j  m  b  e  y  z  l  w  u  i  x  v  k  
1  n  e  v  o  x  p  r  w  1  z  k  d  t  f  a  r  m  i  g  z  b  g  u  f  a  n  h  s  k  r  n  p  
a  z  j  t  m  k  f  e  r  c  w  n  g  m  s  c  y  w  t  e  a  i  o  x  e  c  z  f  n  i  t  j  1  
c  h  k  a  p  s  c  i  1  n  v  y  j  c  f  i  e  b  m  1  v  w  k  d  g  r  a  g  u  j  o  f  r  
w  v  t  m  g  d  n  t  d  a  x  i  k  b  y  J  r  k  a  f  s  i  g  w  j  1  o  r  p  s  m  t  a  
o  s  J  i  p  u  w  z  e  y  m  j  a  e  f  u  t  s  k  o  1  w  p  n  q  a  y  c  m  b  j  z  h  
k  a  t  L  c  g  a  n  b  n  g  w  f  d  o  s  c  t  r  j  f  i  x  o  k  w  g  n  p  r  f  b  t  
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